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PATIENT SUPPORT APPARATUS AND 
METHOD THEREFOR 

CROSS REFERENCE TO PRIORITY 
APPLICATIONS 

Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

Not applicable. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a patient support appa 

ratus, and more particularly, to an improved rotatably adjust 
able patient support apparatus and method therefor for use, 
especially, in the ?eld of radiation oncology, the apparatus 
being capable of rotating about ?rst and second mutually 
perpendicular horizontal axes and also rotating about a 
vertical axis. 

2. Description of the Related Art 
Patient support systems are knoWn, such as those dis 

closed in US. Pat. Nos. 6,941,599 and 6,895,617. The 
support systems disclosed are capable of moving a patient in 
three dimensions, often referred to as the x, y and Z direc 
tions. This terminology Will be de?ned and explained beloW. 
As explained in the cited patents, such adjustable patient 
support systems are useful in radiotherapy. Another support 
system is disclosed in an Internet site having the address of 
“Medical-Intelligence.com,” and branded as HEXAPOD 
ROBOTIC TREATMENT COUCH. The HEXAPOD sys 
tem illustrates a patient support system having six degrees of 
freedom, de?ned as linear movements in the x, y and Z 
directions and also rotational movements called pitch, roll 
and yaW. These rotational movements are about the x, y and 
Z-axes. 

The HEXAPOD system includes loWer and upper panels 
or bases Which are connected by several links that are 
pivotally mounted to both the loWer and upper panels. By 
selectively rotating the links, the upper panel may be pivoted 
and tilted. A drawback to this system, hoWever, is that it is 
bulky, necessitating too much vertical space betWeen the 
panels. The extended pro?le results in di?iculty for a patient 
in mounting the equipment of the system. 

BRIEF SUMMARY OF THE INVENTION 

The patent support system of the present invention is an 
improvement on the existing systems described. What is 
described here is a movable patient support apparatus com 
prising a ?rst base having a longitudinally extending guide 
element, the guide element extending along a ramp, a second 
base spaced from the ?rst base and having a longitudinally 
extending guide element, a movable connector mounted to 
move along the guide elements of the ?rst and the second 
bases, the connector helping support the ?rst base and 
having ?rst and second parts joined to enable movement 
about ?rst and second horiZontal axes, the ?rst and second 
axes being perpendicular to each other, a ?rst motion induc 
ing structure connected to the movable connector to enable 
movement of the movable connector along the longitudi 
nally extending guide elements of the ?rst and the second 
bases, a stationary connector mounted to the ?rst and the 
second bases and spaced from the movable connector, the 
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2 
stationary connector helping support the ?rst base and 
having ?rst and second parts joined to enable movement 
about the ?rst and the second horiZontal axes, and a second 
motion inducing structure mounted to the ?rst base to enable 
rotation of a couch supported by the ?rst base about a 
vertical axis. The invention also includes a method for 
adjustably rotating the apparatus about three mutually per 
pendicular axes comprising the steps of connecting the ?rst 
base to the second base using ?rst, second and third con 
nectors, the connectors enabling rotation about the ?rst and 
second horiZontal axes, mounting a ?rst part of the second 
connector to the second base to enable linear movement of 
the ?rst part of the second connector in the direction of the 
second horizontal axis, mounting the ?rst part of the third 
connector to the second base to enable linear movement of 
the ?rst part of the third connector in the direction of the 
second horiZontal axis, mounting a second part of the second 
connector to a ramp connected to the ?rst base, mounting a 
second part of the third connector to a ramp connected to the 
?rst base, moving the ?rst part of the second connector along 
the second base, independently moving the ?rst part of the 
third connector along the second base, and mounting struc 
ture on the ?rst base to connect to a patient couch and to 
enable rotation of the patient couch about the vertical axis. 
A complete understanding of the present invention, along 

With objects, advantages, and features thereof, Will be gained 
from a consideration of the present speci?cation Which 
provides a Written description of the invention, and of the 
manner and process of making and using the invention, set 
forth in such full, clear, concise and exact terms as to enable 
any person skilled in the art to Which it pertains, or With 
Which it is most nearly connected, to make and use the same 
in compliance With Title 35, U.S.C. §112 (?rst paragraph). 
Furthermore, the folloWing description of the preferred 
embodiment of the invention read in conjunction With the 
accompanying draWing provided herein represents an 
example of the invention in compliance With Title 35, U.S.C. 
§ 112 (?rst paragraph), but the invention itself is de?ned in 
the Claims section attached hereto. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a diagrammatic isometric vieW of a portion of a 
treatment room With a rotationally adjustable patient support 
apparatus and a radiation source. 

FIG. 2 is an x, y and Z coordinate system. 
FIG. 3 is a diagrammatic isometric vieW illustrating a 

patient support table rotating about the y-axis. 
FIG. 4 is a diagrammatic isometric vieW illustrating a 

patient support table rotating about the x-axis. 
FIG. 5 is a diagrammatic isometric vieW illustrating a 

patient support table rotating about the Z-axis. 
FIG. 6 is an exploded isometric vieW of the rotationally 

adjustable patient support apparatus, a pedestal to Which the 
support apparatus is mounted and a treatment couch Which 
is mounted to the support apparatus. 

FIG. 7 is an enlarged, exploded isometric vieW of a 
portion of the rotatably adjustable support apparatus illus 
trating upper and loWer base assemblies. 

FIG. 8 is an enlarged, upWard looking isometric vieW of 
the upper base assembly of the rotatably adjustable support 
apparatus. 

FIG. 9 is a doWnWard looking isometric vieW of the loWer 
base assembly of the rotatably adjustable support apparatus. 

FIG. 10 is an exploded isometric vieW of the loWer base 
assembly shoWn in FIG. 9. 
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FIG. 11 is an enlarged isometric vieW of an upper carriage 
of the rotatably adjustable support apparatus. 

FIG. 12 is an enlarged isometric vieW of a loWer carriage 
of the rotatably adjustable support apparatus. 

FIG. 13 is an isometric vieW of a portion of a pin and slot 
connector of the rotatably adjustable support apparatus. 

FIG. 14 is a doWnWard looking exploded isometric vieW 
of the connector of FIG. 13. 

FIG. 15 is an upWard looking exploded isometric vieW of 
the connector of FIG. 13. 

FIG. 16 is an exploded isometric vieW of the treatment 
couch, and the pin and slot connector. 

FIG. 17 is an enlarged vieW taken Within the circle 17-17 
of FIG. 16. 

FIG. 18 is an exploded isometric vieW of a yaW bearing 
assembly. 

FIG. 19 is an isometric vieW of a yaW plate attached to the 
support apparatus. 

FIG. 20 is an enlarged, exploded isometric vieW of the 
yaW plate, a yaW bearing assembly and the pin and slot 
connector. 

FIG. 21 is an enlarged isometric vieW of a slot plate and 
pin of the pin and slot connector. 

FIG. 22 is a diagrammatic isometric vieW of the upper and 
loWer base assemblies in parallel alignment. 

FIG. 23 is a diagrammatic isometric vieW of the upper 
base assembly in an upWard pitch. 

FIG. 24 is a diagrammatic isometric vieW of the upper 
base assembly in a doWnWard pitch. 

FIG. 25 is a diagrammatic isometric vieW of the upper 
base assembly in a roll and pitch. 

FIGS. 26-30 are graphs and analytical models relating to 
mathematical equations discussed in the speci?cation. 

FIG. 31 is a diagrammatic plan vieW of the couch aligned 
With the y-axis. 

FIG. 32 is a diagrammatic plan vieW of the couch in yaW. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

While the present invention is open to various modi?ca 
tions and alternative constructions, the preferred embodi 
ments illustrating the best mode contemplated by the inven 
tor of carrying out his invention are shoWn in the various 
?gures of the draWing and Will be described herein in detail, 
pursuant to Title 35 U.S.C. §1 12 (?rst paragraph). It is noted, 
hoWever, that there is no intention to limit the invention to 
the particular embodiments Which are disclosed herein. To 
the contrary, the intention is to cover and claim all modi? 
cations, equivalent structures and methods, and alternative 
constructions falling Within the spirit and scope of the 
invention as expressed in the appended Claims section 
attached hereto, pursuant to Title 35 U.S.C. §ll2 (second 
paragraph). 

The patient support apparatus disclosed herein has been 
conceived and structured for use in the radiation oncology 
?eld. A typical location for the support apparatus is a 
radiotherapy treatment room as shoWn diagrammatically in 
FIG. 1. The treatment room portion 10 includes a ?oor 12 
and tWo Walls 14, 16. The remaining building structure as 
Well as unrelated equipment have been removed for pur 
poses of clarity. A vertically extending pedestal 18 is 
mounted to a rotatable ?oor panel 20. Mounted to the 
pedestal is a patient support table or treatment couch 22 
upon Which a patient is placed during image guided radia 
tion therapy. 
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4 
Located betWeen the pedestal 18 and the couch 22 is a 

rotatably adjustable patient support apparatus 24 Which Will 
be the focus of this disclosure. The treatment room also 
includes an accelerator treatment head 28 mounted on a 
rotatable Wall panel 30. The treatment head may also be 
rotatable and may be movable linearly toWard and aWay 
from the Wall 16. Within the treatment head is a radiation 
source 32 for transmitting radiation Within the ?eld gener 
ally depicted by the dotted lines 34. 

For reference purposes, there is shoWn in FIG. 2, an x, y, 
Z, three-dimensional coordinate system 40 Whose coordi 
nates are mutually perpendicular. The Z-coordinate 42 rep 
resents a vertical axis and direction Which is disposed 
parallel to an intersection line 44, FIG. 1, of the Walls 14, 16. 
The y-coordinate 46 represents a ?rst horiZontal axis and 
direction perpendicular to the Z-axis and is parallel to the 
intersection line 48 of the Wall 16 and the ?oor 12 and 
extends laterally across the couch 22. The x-coordinate 50 
represents a second horizontal axis and direction Which is 
disposed perpendicular to each of the other tWo axes (Z and 
y) and Which extends parallel to the longitudinal axis of the 
couch 22. The x-axis is parallel to an intersection line 52 of 
the Wall 14 and the ?oor 12. The x, y, Z coordinate system 
40 Will be useful When describing various features of the 
rotatably adjustable patient support apparatus 24 as Will be 
explained in detail beloW. 

Also, for reference purposes, FIGS. 3-5, illustrate the 
concepts of “pitch,” “roll” and “yaW” and Will also be useful 
When describing the features of the rotatably adjustable 
patient support apparatus 24. In FIG. 3, the patient support 
couch 22 is depicted rotating about the y-axis 46, Which 
movement is de?ned as “pitch.” In FIG. 4, the patient 
support couch 22 is depicted rotating about the x-axis 50 and 
this movement is termed “roll.” Lastly, FIG. 5 illustrates 
rotation of the couch 22 about the vertical Z-axis 42 and this 
movement is called “yaW.” 
The tWo references mentioned above, U.S. Pat. Nos. 

6,941,599 and 6,895,617, disclose that the pedestal and 
couch (or table) are constructed such that the couch may 
translate or move linearly up and doWn along the Z-axis, left 
and right along the y-axis and forWard and rearWard along 
the x-axis. With the rotatably adjustable patient support 
apparatus 24 mounted betWeen the pedestal 18 and the 
patient support table or couch 22 there is an enhancement of 
couch movement by also alloWing the couch to rotate or 
pivot about each of the x, y, and Z axes. In this manner the 
patient support couch Will have six degrees of adjustability 
to facilitate ?ne tuning and precise patient positioning for 
radiation therapy. 

In addition to increasing adjustability to six degrees and 
providing for precise positioning, the rotatably adjustable 
patient support apparatus 24 has the advantages of being 
physically compact and of having a relatively loW pro?le so 
as to minimiZe the increased level to Which a patient must 
climb so as to recline on top of the support couch. As shoWn 
in FIG. 6, Where the pedestal 18, the patient support appa 
ratus 24 and the couch 22 are disposed roughly ninety 
degrees from that shoWn in FIG. 1, the pedestal 18 includes 
a head portion 60 that provides for translation of the patient 
support apparatus and the couch in the x and y directions as 
illustrated. The patient support apparatus 24 alloWs for the 
?ne tuning or minor adjustment of a patient’s position prior 
to treatment. For example, if the object to be treated, a tumor 
for example, has moved Within the patient’s body due to 
Weight loss, shift of internal organs, gasses or the like, small 
adjustments can be made to the position of the couch to 
compensate. This task is achieved here With a compact, 
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mechanically robust and ef?cient system that may be origi 
nal equipment With treatment systems, or it may be retro 
?tted to existing treatment tables. 

In more detail, the rotatably adjustable patient support 
apparatus 24 includes a ?rst or upper base assembly 62, 
FIGS. 6 and 7, a second or loWer base assembly 64, a 
belloWs shaped cover guard 65 connected betWeen the upper 
and loWer base assemblies and a bearing assembly 66. The 
upper and loWer base assemblies are connected to one 
another by ?rst, second and third connectors 67, 68, 69. The 
connectors enable the upper base assembly to rotate or pivot 
about both of the y and x-axes, and yet be supported along 
With a patient load above the loWer base assembly in the 
attitude the upper base assembly is placed. The second and 
third connectors 68, 69 are movable and the ?rst connector 
67 is stationary, as Will be explained beloW. The loWer base 
assembly is mounted to the pedestal 18 and the couch 22 
may be mounted to the upper base assembly. 

The upper base assembly 62 includes an upper mounting 
panel 70, FIG. 8, tWo side frames 72, 74 and tWo end frames 
76, 78. Also included are tWo support Wedges or ramps 80, 
82, each being generally shaped as a right triangle, mounted 
to the upper panel 70 along one side of the triangle opposite 
the larger of the tWo acute angles, a pair of pathWays in the 
form of upper guide rails 84, 86, one of the pair mounted to 
each hypotenuse of the triangular support ramps, motion 
safety sWitches 88, 90 mounted to the side railings 72, 74, 
four corner gussets 92, 94, 96, 98 at the intersections of the 
side and end frames, a fourth connector 100, also referred to 
as a pin and slot connector, a motion inducing structure to 
move the fourth connector, the structure in the form of a yaW 
or lateral actuator assembly 102, a lateral pathway in the 
form of a guide rail 104, parts of the stationary connector 67 
in the form of a shackle bracket 106 mounted to the panel 70, 
a shoulder screW 108 mounted to the bracket, a castle nut 
110 and a cotter pin 112, a vacuum pump 114, parts of the 
movable connectors 68, 69, in the form of a pair of upper 
carriages 116, 120, FIG. 7, mounted to be pulled along the 
upper guide rails 84, 86, and a lateral carriage 122, part of 
the motion inducing structure to move the pin and slot 
connector 100, mounted to ride along the lateral guide rail 
104. 
The loWer base assembly 64 includes a loWer mounting 

panel 130, FIGS. 9 and 10, tWo side frames 132, 134, a ?rst 
end frame 136, a second end frame 138, tWo gussets 140, 
142 connecting the side frames and the rear frame, a motion 
inducing structure to move the second and third connectors 
68, 69, the structure being in the form of pitch and roll linear 
actuator assemblies 144, 146 mounted to the loWer panel, a 
pair of pathWays in the form of loWer guide rails 148, 150 
mounted to the loWer panel alongside the actuator assem 
blies 144, 146, another part of the ?rst connector 67 in the 
form of a bracket 152 With a ball joint sWivel or spherical 
bearing 154, a battery assembly 156 mounted to the loWer 
panel betWeen the loWer guide rails 148, 150, a safety relay 
158, a main control module 160, a poWer distribution board 
162 and parts of the second and third connectors 68, 69, the 
parts being in the form of a pair of loWer carriages 164, 166, 
FIG. 7, mounted to ride along the loWer guide rails 148, 150. 
An e-stop 168, an on/olf sWitch 170 and a battery charging 
port 172 are mounted to the ?rst end frame 136, and a hand 
held controller port 174 is formed in the second end frame 
138. 
Each of the upper carriages 116, 120 includes a runner 

block 180, FIG. 11, having a generally channel shaped 
opening 182 for engaging and ridings a respective upper 
guide rail 84, 86, each of Which has a complimentary shape. 
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6 
Connected to the runner block by four screWs, of Which only 
three screWs 184, 186, 188 are shoWn, is a yoke shaped 
carriage block 190 With tWo openings to receive a bolt or 
shoulder screW 192. Around the shoulder screW is a Washer 
194, a bushing 196 and a castle nut 198 along With a cotter 
pin 200. 

Referring noW to FIG. 12, there is illustrated in more 
detail, one of the loWer carriages 164, 166. Each loWer 
carriage includes a runner block 210 having a channel 
shaped opening 212 for engaging and riding one of the loWer 
guide rails 148, 150. The runner block is bolted to a 
mounting block 214 by four screWs of Which three screWs 
216, 218, 220 are shoWn. An acme nut 222 is mounted to a 
support plate 224 Which in turn is attached by three screWs 
226, 228, 230 to an end of the mounting block 214. A set 
screW 232 is used to hold the acme nut 222 in place in the 
support plate 224. The mounting block 214 includes a ?ange 
234 With an opening for receiving a ball joint sWivel bearing 
236 held in place by a pair of retainers 238, 240, each 
retainer being fastened to the ?ange 234 With four screWs 
242, 244, 246, 248. Each loWer carriage 164, 166 is con 
nected to a corresponding upper carriage 116, 120 by having 
the sWivel bearings 236 receive the bolt or shoulder screW 
192 Which is retained in place by the castle nut 198 and the 
cotter pin 200. This structure enables the upper and loWer 
carriages of movable connectors 68, 69 to rotate or pivot 
relative to one another about both the X and y-axes. 

The loWer and upper base assemblies are connected 
together by the tWo pairs of carriages 116, 120 and 164, 166, 
Which forms the movable connectors 68, 69, and by the ?rst 
or stationary connector 67 Whose parts, the shackle bracket 
106, the connector bracket 152, the ball joint sWivel bearing 
154, along With the shoulder screW 108, the castle nut 110 
and the cotter pin 112, have already been identi?ed above. 
The ?rst stationary connector 67 is constructed in a manner 
similar to the second and third movable connectors 68, 69. 
The shoulder screW 108 passes through the shackle bracket 
106 and the sWivel bearing 154, and is restrained by the 
castle nut 110 and cotter pin 112. Each of the connectors 67, 
68, 69 enables rotational or pivotal motion betWeen the 
connected parts and they also support the upper base assem 
bly, the couch and the patient. It is noted that other joint 
structures may be used for the connectors as long as the 
range of motions and support capability described are avail 
able as Will be illustrated beloW. 

Each of the pitch and roll actuator assemblies 144, 146, 
FIGS. 9 and 10 includes a servo motor 260, 262, a gear set 
264, 266, a coupling 268, 270 and an acme screW 272, 274. 
The acme screWs 272, 274 are mounted to the loWer panel 
130 by the bearings in housings 276, 278 and 280, 282. Each 
acme screW is mounted in the acme nut 222 of the loWer 
carriages 164, 166 such that When the servo motors 260, 262 
are activated and the acme screWs 272, 274 are rotated, the 
acme nuts 222 are caused to move linearly in a precise 
fashion along the acme screWs thereby driving the loWer 
carriages 164, 166 riding on the loWer guide rails 148, 150. 
Each of the loWer carriages 164, 166 pulls a respective one 
of the upper carriages 116, 120 along the upper guide rails 
84, 86 mounted on the ramps. The upper base assembly 62 
responds to movement of the upper carriages by moving in 
a controlled manner. Movement of the loWer carriages is 
linear in the direction of the x-axis While movement of the 
upper carriages causes pitching and/or rolling of the upper 
base assembly because of the shape of the support ramps 80, 
82 and the structure of the connectors 67, 68, 69. 
The yaW actuator assembly 102, FIG. 8, is structured to 

enable rotation of the couch 22 or an another variation, a 
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plate to be described below, about the vertical Z-axis. The 
yaW actuator assembly is similar to the pitch and roll 
actuators 144, 146 and includes a servo motor 290, an acme 
screW 292 and a pair of bearings 294, 296 for the acme 
screW, all mounted to the upper panel 70. The lateral guide 
rail 104 is mounted to the upper panel 70 as Well and is 
parallel to the acme screW 292. Engaging and riding on the 
lateral guide rail is the lateral carriage 122. The lateral 
carriage, like each of the loWer carriages 164, 166, includes 
a runner block 300, a mounting block 302 connected to the 
runner block, a support plate 304 fastened to the mounting 
block and an acme nut 306 mounted to the support plate. The 
acme screW extends through the acme nut and When the 
acme screW is rotated by the servo motor, the lateral carriage 
122 is driven linearly along the acme screW 292 and the 
lateral guide rail 164. The lateral carriage 122 in turn is 
fastened to the pin and slot connector 100 and causes the pin 
and slot connector to move laterally as Well, enabling the 
couch to rotate about the Z-axis. It is noted that other kinds 
of actuators may be used as Will be set forth beloW. 

The pin and slot connector 100 is illustrated in more detail 
in FIGS. 13-15. The pin and slot connector includes a base 
plate 310 to Which is attached tWo retainer plates 312, 314 
Which alloW retention of a slidable slot plate 316. Four 
screWs 318, 320, 322, 324 are used to secure the retainer 
plates to the base plate 310. The base plate 310 is mounted 
to the mounting block 302, FIG. 8, using six screWs 326, 
328, 330, 332, 334, 336. The slot plate 316 includes an open 
slot 340 for engaging a pin 342, FIGS. 16 and 17, connected 
to an end of the couch, or in an alternate version, a yaW plate. 
It is noted that a couch may have a pin 342, 344 at each end 
of the couch, if the couch like that shoWn in FIG. 16, may 
be used at either end depending upon the treatment to be 
provided the patient. Attachment interfaces 343, 345 may be 
used at each end of the couch for mounting the pins 342, 
344. A ball knob 346 is mounted above a spacer 348 and is 
connected to the slot plate 316 by a screW 350. Beneath the 
ball knob 346 and the slot plate 316 is a bumper 352 to 
cushion inWard motion of the slot plate. The bottom surfaces 
of the slot plate 316 includes tWo grooves 354, 356 into 
Which are placed tWo coiled springs 358, 360. One end of 
each of the springs is attached by a screW 362, 364 to the 
base plate 310 and the other ends of the springs are attached 
to the slot plate 316 by another pair of screWs 366, 368. The 
springs insure that the slot plate is biased toWard the pin to 
maintain the couch in an engaged condition even When the 
couch is rotating about the Z-axis as shoWn in FIG. 32. 
Rotation of the couch With an attached pin occurs When the 
lateral carriage 122 slides the pin and slot connector 100 
laterally or in the y-axis direction. The open slot 340 is 
su?iciently long to maintain continued engagement With the 
pin even though the pin moves slightly along the slot and 
aWay from the ball knob 346 as the couch rotates. Pulling on 
the ball knob against the bias of the springs 358, 360, 
releases the pin 342, 344 and alloWs the couch to be rotated 
180 degrees, from one pin to an oppositely placed pin. 
Releasing the knob results in the springs returning the 
slidable slot plate 316 into engagement With the prealigned 
pm. 

The bearing assembly 68, FIG. 6, for facilitating rotation 
about the Z-axis comes in tWo versions. In a version that may 
be used With an Aktina brand couch shoWn in FIGS. 16 and 
18, the bearing 68 includes a bearing housing 380, a top 
inner bearing race retainer 382, a crossroller bearing 384, a 
bottom inner bearing race retainer 386, and an outer bearing 
race retainer 388. The bearing housing 380 is attached to the 
couch 22 and the outer bearing race retainer 388 is attached 
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8 
to the upper panel 70. In a version that may be used With 
other brands of couches, a top plate or panel 390, FIGS. 19 
and 20, is provided and the bearing 391 includes a bearing 
housing 392 attached to the top plate 390 With eight screWs 
393, 394, 395, 396, 397, 398, 399, 400, a top inner bearing 
race retainer 401, a bearing 402, a bottom inner bearing race 
retainer 403 and an outer bearing race retainer 404 Which is 
to be attached to the upper panel 70. 
A pin 405, FIGS. 20 and 21, is attached directly to the top 

plate 390 using three screWs 406, 407, 408 to engage a 
mounting ?ange 410 that may be integral With the pin 405. 
As With the version shoWn in FIGS. 16 and 17, lateral 
movement along the y-axis of the lateral carriage 122 causes 
the slot plate 316 to bear against the pin 405 resulting in 
rotation of the top plate 390 on the bearing 391 about the 
Z-axis. A couch (not shoWn) fastened to the top plate Will 
rotate When the top plate rotates. 

In operation, the pitch and roll actuators 144, 146 move 
the movable connectors 68, 69. Because of the joint or hinge 
betWeen the pairs of carriages of the movable connectors, 
and because of the stationary connector 67 and the respec 
tive locations of the connectors, the upper base assembly 62 
is able to rotate about the y and the x-axes. This capability 
enables the upper base assembly 62 to pitch and roll. When 
the pin and slot connector 100 is engaged With the lateral 
actuator 102 and the lateral actuator is activated, the couch 
is able to also go through a yaW rotation. These rotations 
may occur independently or they may occur together. 

To explain the operation of the adjustable patient support 
apparatus 24 in even more depth, reference is made to FIGS. 
22-32. Pitching and rolling movement is diagrammatically 
illustrated in FIGS. 22-25 and yaW movement is diagram 
matically illustrated in FIGS. 31 and 32. In operation, the 
loWer base assembly 64 is maintained in a level, horizontal 
position although it is capable of being moved by the 
pedestal 18 in a linear fashion along the x, y, and Z-axes. 
Because the upper base assembly 62 is connected to the 
loWer base assembly 64, the upper base assembly also 
moves linearly in the x, y, and Z directions in response to 
loWer base assembly movement. Pitching and rolling of the 
upper base assembly in a precise manner is accomplished by 
movement of the second and third connectors 68, 69, namely 
the tWo pairs of carriages 116, 120 and 164, 166, and by the 
rotating or pivoting alloWed by the structure of the ?rst 
connector 67. The loWer pair of carriages are driven along 
the loWer guide rails 148, 150 by rotation of the loWer acme 
screWs 272, 274. Each acme screW is independently oper 
able by energiZing a respective loWer servo motor 260, 262. 
Because each of the loWer carriages is connected to a 
respective one of the upper carriages, the upper carriages 
move in response along the upper guide rails 84, 86 that are 
attached to the triangular support ramps 80, 82. The loWer 
carriages move linearly and horiZontally in a longitudinal 
direction along the y-axis. Because the upper carriages are 
mounted to the triangular ramps, they cause the upper panel 
70 to rotate or pivot about the x- and y-axes individually or 
simultaneously. 

In FIG. 22, the connectors 68, 69 are aligned With one 
another and are located roughly in the mid-portion of their 
respective loWer guide rails. In this position the upper base 
assembly 62 is capable of being located in a parallel rela 
tionship to the loWer base assembly 64 along both the x- and 
y-axes. As shoWn in FIG. 23, by moving the connectors 68, 
69 along the y-axis While in alignment With one another and 
aWay from the stationary connector 67, the upper base 
assembly 62 is able to rotate about the y-axis, that is pitch, 
because the tWo upper carriages 116, 120 move toWard the 
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larger of the acute angles of the triangular ramps and push 
the upper guide rails and thereby the upper base assembly 
aWay from the loWer base assembly. Rotation is about the 
center line of the shoulder screW 108 of the stationary 
connector 67. 
Moving the connectors 68, 69 in the opposite direction, 

toWard the stationary connector 67 causes, as shoWn in FIG. 
24, the upper pair of carriages to move along the upper guide 
rails toWard the smaller of the acute angles of the triangular 
ramps. This causes the upper base assembly 62 to pivot 
doWnWardly rotating about the stationary connector 67. 
By moving the tWo connectors 68, 69 in a non-aligned 

fashion, that is, moving one of the connectors 68, 69 one 
Way in the Z-direction While moving the other of the con 
nectors in the opposite direction as shoWn in FIG. 25, or by 
moving the tWo connectors 68, 69 in the same direction but 
to different extents, the upper base assembly 62 is caused to 
roll about the X-axis and the upper base assembly may pitch 
around the y-axis as Well. It can noW be appreciated that by 
moving the tWo movable connectors 68, 69 in a controlled, 
predetermined manner, the upper base assembly 62 can pitch 
or roll, or pitch and roll, Within the physical limits of various 
movement and the con?gurations of the elements, such as, 
the geometry and dimensions of the carriages and the 
rotational limitations of the shoulder screWs and ball joint 
sWivel bearings used for the connectors. 
The overall dimensions of the patient support apparatus is 

about 48.8 inches in length, along the x-axis, about 20.0 
inches in Width, along the y-axis, and about 9.5 inches in 
height, along the Z-axis. This makes for a loWer pro?le and 
compact package. The triangular ramps may be formed of 
aluminum and con?gured generally as right triangles having 
a short side of about 4.06 inches, a long side of about 15.16 
inches and a hypotenuse of about 15.7 inches. The larger of 
the acute angles is about seventy-?ve degrees and the 
smaller of the acute angles or ramp angle is about ?fteen 
degrees. The distance betWeen the guide rails is about 9.5 
inches. The distance from the top panel 70 to the center line 
of the shoulder bolt 108 of the connector 67 is about 4.72 
inches and the distance from the upper guide rails 84, 86 to 
the center lines of the shoulder bolts 192 of the connectors 
68, 69 is about 3.07 inches. Each of the loWer carriages 164, 
166 travels about 14 inches along the loWer guide rails to 
produce desired rotation and the lateral carriage 122 travels 
about 2.75 inches along the lateral guide rail to produce a 4 
degree rotation of the couch. 

The mathematical relationship betWeen the positions of 
the upper panel, the positions of the second and third 
connectors 68, 69 and the other relevant variables may be 
understood from the draWings in FIGS. 26-30 and the 
folloWing equations. 

FIG. 26 is a diagrammatic cross-section of the patient 
support apparatus Where the folloWing dimensions are 
shoWn: 

X1 X2 Z1 Z2 and H1. 
Also draWn are “Planel” and “Plane2”, and vector HO. 
Plane2 is parallel to the loWer base assembly and Planel 

is parallel to a plane formed by the upper guide rails 84, 86. 
Assuming pitch and roll angles of: 

(9X (roll) 
@ (pitch) 

the components of HO, Where XIO, y:0 and 2:0 (x0, y0 and 
Z0) can be described as folloWs: 
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zO:HO-cos(0h), as illustrated in FIG. 27. 

The unit vector of HO can is de?ned as following: 

nZ:cos(0H), as illustrated in FIG. 28. 

Solve for the X position of the tWo loWer carriages of the 
second and third connectors 68, 69 by solving for the 
intersection of Planel and Plane2 at the positions as shoWn 
in FIG. 29. 
Use the unit vector n and the vector HO to determine the 

plane passing through point (X0, yo, Z0) With normal vector 
n. 

Equation of a Plane 1: 

With X0, yo, Z0, n n 
Solve for X to get: 

and n2 de?ned above. 

Since the intersection of Planel and Plane2 Will alWays be 
at 2:0 and the y position Will alWays be at + and — the (rail 
spacing)/2, solve for the actuator positions: 

Where xconnmor 68 and xconnector 69 are the connector 
positions and yml-Z is 1/2 the rail spacing. 
Use the folloWing de?nitions to determine the length of 

HO, FIG. 30: 

Using the equations With the apparatus disclosed results in 
the positions of the loWer carriages to be about 17.58 inches 
from the stationary connector 67 When the roll angle ®x:0 
and pitch angle ®y:0. For a roll of 2 degrees and no pitch, 
the carriages are about 16.97 and 18.20 inches from the 
stationary connector 67. To achieve a roll of about 2 degrees 
and a pitch of about 3 degrees, the carriages are at about 
14.22 inches and about 15.24 inches from the connector 67. 
For a roll of 2 degrees and a pitch of —3 degrees, the 
carriages are positioned at about 21.12 inches and 22.67 
inches from the stationary connector. Lastly, for a pitch only 








